A segregant bulk population derived from a single cross between the Carioca MG cultivar and the ESAL 686 line was used to investigate whether the action of natural selection in the direction required by the breeders and the delaying line extraction would increase the chance of obtaining families with greater grain yield. The populations were advanced from F 2 to F 24 and obtained families F 2 , F 8 and F 24 from the plants. These families and their parents were assessed for grain yield (kg/ha) in Lavras-MG in three sowing seasons (July 2001, November 2001 and March 2002 in an 18 x 18 lattice design with two replications in the first sowing and three in the other two. The largest mean yield, regardless of sowing season, was among the families derived from the F 24 plants. The frequency of superior families increased when line extraction was delayed to more advanced generations.
Introduction
Most economically important traits, such as grain yield, are controlled by many loci whose favorable alleles are dispersed in different lines. Breeding superior lines implies combining the favorable alleles of two or more different lines into a single line. This is obtained through hybridization followed by selfing for some generations until testing to identify the required line.
Decisions such as which parents to hybridize, how to increase homozygosis, how to conduct the segregant populations and/or families must be made by the breeder. There is information in the literature to help with these decisions Carneiro et al., 2002) .
Options for population improvement include the bulk method that, although proposed at the start of the 20 th century, is still one of the most efficient methods. In this method, the plants are harvested in bulk starting from the F 2 generation to obtain the next generation. This procedure is repeated for three or four generations until most of the loci are in homozygosis. The families are then obtained and more intense artificial selection is started .
A question that arises from the use of this method is whether natural selection acts to preserve the individuals that are desired by the breeders, for example, the top yielding ones. Studies have been carried out in barley using a mixture of pure lines (Allard, 1999) and segregant populations (Soliman and Allard, 1991) . Similar studies were also performed in common bean (Gonçalves et al., 2001 , Corte et al., 2002 . In all cases natural selection acted towards increasing the yield of segregant populations.
Selfing gradually releases the variability in a predictable way. However, this release is more intense until F 5 when the additive genetic variance (σ A 2 ) is 1.875 greater than that of the F 2 generation. Variability is still released beyond this generation but at a slower rate until reaching 2 2 σ A in the F ∞ generation (Ramalho et al., 1993) . Therefore, there is no theoretical justification to delay line extraction beyond the F 5 generation, as the variability released is not worth the extra time spent. However, there is still the question of whether natural selection is efficient for selecting superior lines as has been shown in population performance studies and whether longer delays in lines extraction from the bulk population are justified. Unfortunately no information regarding this issue is available in the literature.
The present study was carried out to investigate whether natural selection increases the chance of obtaining higher yielding families in common bean and justify delay-ing line extraction from bulk populations beyond the generation recommended by quantitative genetics.
Material and Methods
The experiments were conducted in two locations: a) Lavras County in Southern Minas Gerais state, in the experimental area of the Department of Biology (DBI) of the Universidade Federal de Lavras (UFLA) at 910 m altitude, 21°45' S latitude and 45°00' W longitude; and b) in Ijaci County, also southern Minas Gerais State, at 920 m altitude, 21°14' S latitude.
A common bean segregant population derived from the cross between the Esal 686 line (early with determined type I growth habit, large grains, yellow tegument, and high pod resistance to Phaeoisariopsis griseola) and the Carioca MG cultivar (normal cycle, undetermined type II growth habit, small grains and cream, brown striped tegument and susceptibility to Phaeoisariopsis griseola) was used for the studies. Crossing these two parents and advancing homozygosis from the F 2 to the F 24 generation using the bulk method were carried out by Corte et al. (2002) . In each generation, the seeds were bulked after harvesting and then divided in two quantities: a) one for storage in a cold chamber; and, b) the other for sowing the next generation.
The F 2 , F 8 and F 24 segregant populations were sown in March 2001 and 108 F 2:3 , 107 F 8:9 and 107 F 24:25 families were obtained at harvest. These families and the parents were assessed for grain yield per plot in July of 2001 in an 18 x 18 simple lattice design experiment sown in July at Ijaci. Plots were formed by an 1.5 m single row with a density of 15 seeds per linear meter. Row spacing was 0.5 m. During the experiment, 400 kg/ha of an 8-28-16 formula fertilizer were applied at sowing and 150 kg/ha of ammonia sulfate were applied as side dressing 20 days after emergence. Weekly supplementary irrigations of approximately 25mm were applied during the dry periods. Plants were kept free from weed competition using pre-and postemergence herbicides. Diseases and pests were not controlled.
In November of 2001 and in March of 2002 there were two more evaluations. An 18 x 18 lattice design with three replications was used in these two sowing seasons. Plots consisted of two 2 m rows spaced at 0.5 m with 15 seeds per meter density. The management practices were the same as those used in the wet season and the trait assessed was also grain yield per plot.
The grain yield data (kg/ha) were first submitted to individual (per experiment) analysis of variance. Based on expected mean squares, the estimates of genetic and phenotypic variances among family averages were obtained. Broad sense heritability (h 2 i ) was estimated using the Vencovsky and Barriga (1992) methodology. Upper and lower limits of confidence intervals at 1 -∝ = 0.95 probability level were estimated for heritabilities (Knapp et al., 1985) .
After checking for homogeneity of variances, a joint analysis of variance was performed with the adjusted means, considering all except the mean and generation as random effects. The family genetic variance, free from the interaction effect, was obtained, using a procedure similar to that presented by Ramalho et al. (2000) , i.e., from the estimated covariance between the mean performances of the families taking pairs (xy) of sowing seasons. The average of the three values obtained was taken as the genetic vari-
).
Results and Discussion
As already mentioned, the segregant population from which the families were derived was obtained from the cross between the ESAL 686 x Carioca MG lines. These parents were chosen because of their distinct life cycle, grain size and growth habit, which in principle are traits that are greatly affected by the action of natural selection and, therefore, suitable for the objective of this study. It is important to emphasize that the action of natural selection on the previously mentioned traits was investigated by Gonçalves et al. (2001) .
In the joint analysis of variance (Table 1 ), significant differences were observed (p ≤ 0.01) for all sources of variation, except for parents and the interaction families x controls x sowing season. The significant families x sowing season interaction indicated that the family performance was not similar in the different sowing seasons. As the environmental conditions among the sowing seasons are very distinct and there is difference among the families, it is expected that they respond differently to the environmental variation. The occurrence of genotype x sowing season interaction in common bean is commonly reported in the literature (Abreu, 1990; Ramalho, Abreu et al., 1993; Gonçalves, 1995; Ramalho et al., 1998) . One of the most expressive results in Table 1 is the significance of the F test (p ≤ 0.05) for family type, indicating that the mean yield varied according to the generation of the plant that originated the families. Table 2 shows that the largest mean yield was observed, regardless of sowing season, in the F 24 derived families, which were 20% higher yielding than the F 2 derived families.
Since the interaction among family types x sowing seasons was significant (p ≤ 0.01), it was ascertained whether these previous results were consistent among sowing seasons. It was observed that in spite of the significant interaction, the mean yield of the F 2 derived families was lower than that of the F 24 derived families in all sowing seasons (Table 2) .
Opposite behavior was expected in the presence of dominance, that is, a reduction in the yield mean with selfing due to a 50% reduction in heterosis in each genera-tion. Actually, although some studies have detected dominance in common bean (Nienhuis and Singh, 1988) , most studies have shown the predominance of additive allelic action . In this case, the means should not change with selfing.
Therefore, ruling out sampling problems that did not occur in this situation, natural selection explains best the increase in the means of the derived lines. Natural selection preserved the best-adapted individuals (higher yielding), which left more descendents as shown by Darwin at the end of the 19 th Century, during selfing the bulk populations (Ramalho et al., 2000) . This fact was previously detected in the same population when the mean performance of the segregant populations was assessed (Corte et al., 2002; Gonçalves et al., 2001) . Similar results have also been observed in other species (Allard, 1999) .
The grain yield frequency distribution shown in Figure 1 indicated the presence of among family variability, which confirmed the among family differences detected in the F 2 , F 8 and F 24 derived generations. It is evident that the frequency distribution of the F 24 families showed greater asymmetry in the direction of larger mean yield as expected from the previous commentaries.
The additive genetic variability is gradually released in the selfing generations. The additive variance among families derived from F 2 and F 8 plants is equal to 1.0 σ A 2 and 1.99 σ A 2 , respectively. Among the families derived from F 24 plants the increase is very small to 1.999 σ A 2 , and in the F ∞ generation it is 2.0 σ A 2 . Therefore, it is expected that the among family additive variance increased over the selfing series to the limit of twice that present among F 2 plants. However, the estimates from the joint and individual analyses presented in Table 3 showed that, contrary to expectations, the genetic variance among families derived from F 2 plants was almost always greater than those derived from F 24 plants. This result can only be explained by sampling variation or, more likely, to the action of natural selection (Allard, 1999) . If natural selection acts, it will gradually use the variability released by selfing and, under this condition, the mean yield increases and the available variability decreases as was observed. 576 Common bean families after different generations under natural selection ). A decrease in the genetic variance was observed in the winter sowing season with the advance of selfing. The heritability that is directly proportional to the genetic variance also decreased. This fact reinforced the previous discussion on natural selection acting to screen out less adapted individuals (lower yielding) and therefore reducing the variability released among the assessed families by selfing. Table 4 shows the 30 families with largest yield mean in the three sowing seasons. It is clear that among the better performing families there is a predominance of those derived from F 24 plants (60%), that is, of those submitted to a greater number of cycles under the action of natural selection. This observation reinforced the hypothesis of the efficiency of natural selection during the population generation advance by the bulk method. Only five families of the 30 best (16.67%) were derived from the F 2 generation. It has also been reported that the action of natural selection con- Silva et al. 577 tributed to preserve the best-adapted individuals (higher yielding) in crops such as in Triticum aestivum L (Gregan and Busch, 1978) Phaseolus lunatus L. (Tucker and Harding, 1974) and Phaseolus vulgaris L. (Pirola et al., 2002) . All these results pointed towards the efficiency of the bulk method. It was easy to perform, enabled the action of natural selection and, further, allowed a delay in line extraction without loss for the breeder. According to the results from this study, the delay in line extraction can even provide genetic gains for grain yield above those that could be obtained by the breeder himself. It is pointed out, however, that this population had wide variability for cycle, grain size and growth habit. It could be asked whether the same result would be obtained with less divergent populations. It is pointed out that the action of natural selection on the traits by which the parents differed was very fast. From F 5 onwards, practically no plants with determined habit, early cycle and with very large grains were detected . Therefore, it is expected that these results can be extrapolated to other segregant populations. However, if the objective of the program is to select plants with determinate growth habit or large seeds in populations from crosses of contrasting parents for these traits, plants with determinate habit and/or large seeds should be selected from the F 2 onwards. The obtained population could then be advanced by the bulk method to allow for natural selection on the other traits. On the other hand, although the parents were different for the mentioned traits, no difference was detected in grain yield, a trait on which natural selection acted in the present case.
